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 The main goal of this research project is to determine the effectiveness of 
commercially available air filters and to compare different kinds of commercially 
available air filters in certain categories. With recent record-breaking wildfires and the 
Covid-19 pandemic, research on the effects and features of nanoparticles has become 
increasingly important. Inhalation of nanoparticles in smoke can result in severe health 
effects on humans, affecting especially the respiratory system. As nanoparticles can 
pass through cell membranes, absorption occurs rapidly and affects many different parts 
and functions of the human body. While air filters are an effective method of reducing 
small-sized particles in flowing air, current filtration standards only apply to larger scaled 
microparticles, and filtration efficiencies for nanoparticles are often unknown. 
 A good understanding of the effectiveness of air filters and masks is crucial to 
prevent inhalation of nanoparticles. Using a wind tunnel and two different types of 
woodsmokes, the penetration rates of nanoparticles through air filters were determined. 
Tests were performed with four different air filters using woodsmoke from hickory and 
applewood pallets. Due to outliers affecting mean and standard deviation values, a 
JavaScript code was written to eliminate outliers from the data sets. Trials with hickory 
smoke provided more consistent results than with applewood smoke. Average filtration 
effectiveness using hickory smoke was relatively close for all air filters at around 50%. 
Results from applewood smoke were relatively inconsistent. Due to a wide range of data 
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 A renewed interest on nanoparticles has resulted in a focus on naturally 
generated nanoparticles in the environment. While there is not a lot of research 
performed on the properties and effects of particles at a nanoscale level as compared to 
particles at a micro scale or above, the field embracing nanoparticle research is 
becoming increasingly important especially with recent natural disasters and 
environmental impacts. Extreme wildfires in Australia and California have been some of 
the worst in history, threatening the lives of millions of species and forming a hazard to 
humans as well as nature.  
 Defined at a range in the nanometer scale spectrum, nanoparticles are so 
relatively small that they can exhibit features not expected from a similar material at a 
larger scale. Diameters of “nanoparticles” are typically in a range of 1 – 500 nm. 
Physical, chemical, as well as biological properties at a nanoscale can be very different 
from the properties at a larger scale due to these particles having an “increased surface 
area, smaller particle size, reduced number of free electron, and quantum confinement 
effect” (Kestell and DeLorey 2010, 4). Geometric shapes of nanoparticles can greatly 
affect the surface area and other properties as well.  
  Studies have shown that the biological effects of inhaling particles, including 
inflammation and toxicity, depend more on the specific surface area of the particles 
rather than their mass (Hoet, Brüske-Hohlfeld, and Salata 2004). This means that 
nanoparticles are possibly more hazardous than microparticles or larger aerosols, yet 
simultaneously more difficult to filter out and more abundant. This is the reason why 
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the evaluation of filters and masks on nanoparticle filtration is an important aspect that 
should be taken very seriously. 
 Commercial and industrial air filters, as well as personal breathing masks, are 
currently the most common devices used to filter small-scaled particles and prevent 
them from reaching the human respiratory system. The problem with these air filters is 
that current standards apply to filtration efficiencies for particles in a range from 0.3 – 
10 µm, and do not consider filtration efficiencies for particles of a smaller size 
(Abdolghader et al. 2019). The ability of an air filter to filter out dust particles from air is 
called arrestance, and the most penetrating particle size (MPPS) is the size of particles 
for which an air filter has its lowest arrestance. MPPS depends on many different 
particle and environmental properties but is generally found in a range from 100 – 300 
nm (Brochot et al. 2019). 
  Regarding the Australia and California wildfires, the most apparent immediate 
threats are the heat generated by the burning of biomasses and smoke generation. 
During the wildfires many different sized particles and aerosols are generated. Studies 
on woodsmoke-impacted communities have shown that inflammation and impaired 
endothelial function can occur due to smoke inhalation, affecting especially the elder, 
and that air filtration can be an effective method in countering these health effects 
(Allen et al. 2010). Health effects of inhaling these particles have been studied and 
significant impacts on respiratory functions can occur. Compared to fine particles, 
ultrafine particles show an even greater inflammatory potential (Oberdürster, 2000). As 
a result, it is important to study the properties of these nanoparticles and determine 
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methods to safely filter these out of the air in public common areas and private 
residences.  
 Another space affected by nanoparticles is found inside of vehicles of all sorts 
and sizes. Vehicle emissions generate significant amounts of nanoparticles, which enter 
both the engine department and the cabin of a vehicle. Car air filters and cabin air filters 
are designed to keep these aerosols out. In-cabin particulate matter has been observed 
to reach high peaks during car rides, depending heavily on the particulate matter 
concentrations and sizes in the ambient air outside of the vehicle (Dröge et al. 2018). 
Recirculation of air has been found out to reduce the number of airborne nanoparticles 
circulating in vehicles as well as in homes (Pui et al. 2008). The effectiveness of different 
types of commercial air filters, car air filters, and cabin air filters are studied to 
determine what filters perform best. Developing effective nanoparticle filtration 





2.1 Data Acquisition 
 To simulate nanoparticles emerging from a wildfire, first an appropriate fuel 
source had to be determined. Hickory and applewood pellets were used as fuel sources 
to resemble natural conditions as close as possible. These pellets were then placed 
inside of a Smoking Gun Pro. Using this smoke generating device, woodsmoke 
containing nano-sized particles was created. 
 To determine the nanoparticle filtration effectiveness of different kinds of air 
filters, an environment had to be created in which the variables could be controlled and 
would not affect the results. The wind tunnel at the Georgia Southern University Energy 
Sciences Lab in the Carruth Building was used for this project. Air speed in this wind 
tunnel can be manually controlled and adjusted. This wind tunnels features a High-
Efficiency Particulate Air filter that functions as an entry air filter and filters out 0.3-
micron particles. As the aim of the project is to analyze smaller sized nanoparticles, this 
filter theoretically does not affect any of the results. 
 A frame was constructed to house the filters to be analyzed, the smoke 
generator, the nanoparticle scanning devices, and the other sensors. Except for the 
entry and exit, there are no other openings to the outside air. Small air leaks were 
prevented by placing adhesive tape around over all the overlapping and discontinuous 
edges. Two 3910 NanoScan SMPS Nanoparticle Sizer devices were used simultaneously 
to determine the penetration of nanoparticles through the filters. One nanoparticle 
scanning device was connected to a chamber with the unfiltered air filled with wood 
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smoke; the other scanner was placed in an adjacent chamber, with an air filter 
separating the two chambers. As the smoke-filled chamber was connected to the wind 
tunnel, the smoke was driven through the air filter and the devices measured 
differences in the number of nanoparticles by size before and after passing through the 
filter. 
 The incoming air is to be called the upstream air, and after passing through the 
air filter, the air flow is called the downstream flow. The open end of the downstream 
chamber was placed by an open window to allow for the smoke to escape into the open 
air without circulating back or staying in the chamber. As it turned out after the first 
trials, ventilation was still insufficient. A fan was placed behind the exit to make sure 
that the air blew out and away from the sensors.  
 Numerous air filters used for Heating, Ventilation, and Air Conditioning systems 
were compared to each other to determine the differences in penetration rates of 
nanoparticles in a certain nanoscale. The frame was designed so that it could hold most 
of the common 24” x 24” sized air filters. A schematic overview of the wind tunnel with 






Figure 1. Testing apparatus setup  
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2.2 Data Analysis 
 After running cycles with air filters using the wind tunnel, nanoparticle rates 
were determined by the NanoScan machines and stored in a file. Downstream to 
upstream ratios were then taken to determine the penetration rates of the 
nanoparticles through the air filters. For the most part show consistencies in the data 
were observed. However, initially some ratios greater than 1 were observed. This was 
most likely due to insufficient exit ventilation. Other data showed consistencies except 
for some outliers that strongly affected the mean as well as the standard deviations of 
the data. Statistics were used to filter out these outliers and decrease the standard 
deviations, resulting in more precise averages. A JavaScript code was developed to 
perform these calculations and display the appropriate data. 
 To filter out the outliers from the downstream to upstream data, first the mean 
and standard deviations had to be calculated. Google Sheets and Microsoft Excel were 
used to perform these basic operations. The nanoparticle scanning devices observed the 
number of nanoparticles in a 1-minute time span, and every test was generally 
performed for 15 cycles. This resulted in brackets containing different sized particles 
with 15 values per bracket. After taking the ratios of downstream to upstream data, the 
mean and standard deviations were found per bracket. Outliers were filtered out if their 
values were above or below three times the standard deviation. Taking away these 
outliers changed the mean and standard deviation values and therefore the criterium of 
three standard deviations. This process was repeated until no outliers or values of zero 




 A code was developed to perform the process mentioned above. A loop function 
plays a major role in the process, as the mean and standard deviation values must be 
constantly updated and used to determine what value are in the range of three 
standard deviations. As Google Sheets was used to store the data and perform simple 
operations such as taking the mean and standard deviation of a data set, a custom 
function was written in Google Apps Script. These custom functions are created using 
standard JavaScript and can be used on any data set in Google Sheets. The JavaScript 
code written for the data analysis process can be found in Table 1 in the Appendix. 
 In the code, lines 1 – 11 tell the function to open the program and select the 
active sheet in Google Sheets. Lines 13 – 73 set the appropriate range of the data set 
and prompts for a correctly selected data range and a desired standard deviation. For 
this project the desired data range was set to be within 3 standard deviations. Leaving 
the standard deviation prompt empty automatically set the number to 3. Lines 74 – 130 
set the conditional formats and start the iteration. The iteration neglects 0’s for the 
standard deviation check and for the calculating the mean. The iteration removes all 
outliers until no more values are outside of the desired range, updating the mean and 
standard deviation on each iteration cycle.  Outliers are highlighted in red, 0’s in yellow, 
and the top limit as the sum of the mean and three standard deviations in green. The 




 The process for the entire data analysis process can be visually represented in a 
flowchart. A flowchart describing the main steps of the data analysis process can be 
found in Fig. 2 below. Only main steps are represented, and many smaller steps are 
omitted in the flowchart. 
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 The data used for this project comes directly from trials using the wind tunnel at 
the Georgia Southern University Energy Sciences Lab in the Carruth Building. There were 
3 cycles of 15 min each conducted using 4 different commercially available air filters. 
The NanoScan machines divide nanoparticle concentrations over 13 different bin sizes. 
Both hickory and applewood pellets were used for the trials. The 4 different air filters 
that were used were a Filtrete Electrostatic High Performance Air Filter, a Pre Filter 30-
35% SECC, a Nexfil MERV 13 Filter, and a Filtrete Electrostatic Air Cleaning Filter. 
Combined data sets for all three cycles for the air filters, using both hickory and 
applewood smoke, can be found in Tables 2 – 9 in the Appendix. 
 Due to inconsistencies in the outer bin sizes, some of the bins have been ignored 
for data analysis in this report. Only 7 bin sizes, ranging from 20.5 nm – 115.5 nm, have 
been focused on and further analyzed in the following sections. Both smaller and larger 
bin sizes showed many ratios with values of 0 and division by 0 errors. Therefore, only a 
small number of data points were included in the iteration process. This resulted in high 
standard deviations and non well representative mean values. As the bin sizes in the 
middle of the data set included more data points and had smaller standard deviations, 
data analysis on these values was more representative. As a result, only the 7 bin sizes 




Filter Type Downstream/Upstream Average Ratios per Bin Size for Hickory Smoke 






0.214 0.304 0.427 0.611 0.483 0.696 0.765 
Pre Filter 30-
35% SECC 









0.296 0.427 0.606 0.573 0.725 0.878 0.995 




Filter Type Downstream/Upstream Average Ratios per Bin Size for Applewood Smoke 






0.261 0.404 0.777 0.903 0.613 0.940 *2.169 
Pre Filter 30-
35% SECC 









0.853 0.744 *1.709 *1.565 0.664 0.878 *1.478 




Filter Type Downstream/Upstream Standard Deviations per Bin Size for Hickory Smoke 






0.201 0.201 0.224 0.451 0.206 0.510 0.801 
Pre Filter 30-
35% SECC 









0.338 0.352 0.439 0.340 0.327 0.466 0.828 




Filter Type Downstream/Upstream Standard Deviations per Bin Size for Applewood Smoke 






0.222 0.326 0.809 0.782 0.220 0.856 *3.829 
Pre Filter 30-
35% SECC 









0.991 0.650 *2.117 *1.469 *0.477 0.803 *2.055 





Filter Type Combined Bin Averages 
(with all bin values) 
Combined Bin Averages                
(without bin values greater than 1) 
 Hickory Smoke Applewood 
Smoke 







0.500 0.867 0.500 0.650 
Pre Filter 30-
35% SECC 
0.564 *1.489 0.564 0.706 
Nexfil MERV 13 
Filter 




0.643 *1.127 0.643 0.785 
Table 14. Average downstream to upstream ratios for combined bins for all air filters, 






 The following figures show results for the three 15 minute cycles combined. The 
Javascript code has been used to analyze the data and get rid of any outliers outside of 
the 3 standard deviation limit, as well as any 0’s and division by 0 errors. Only 7 bin sizes 
have been analyzed, from 20.5 nm – 115.5 nm. The blue trendlines represent average 
downstream to upstream ratios in each of the bins. The error bars are used to represent 
one standard deviation above and below the mean value. The spread of this error bar is 
an indication of the standard deviation in the data set in each of the bins. The horizontal 
red lines represent the theoretical boundaries of the ratio distributions. In theory, 
downstream to upstream ratios must always be a value in between 0 and 1. A negative 
ratio is not possible since it would mean that there would be negative concentrations of 
nanoparticles in the data sets. A ratio greater than 1 should theoretically not be possible 
as it would indicate that the concentration of nanoparticles in the filtered downstream 
airflow is greater than in the unfiltered upstream airflow. 
 Figures 4 – 11 show average downstream to upstream ratios per bin size for a 
specific smoke for each of the filters. Standard deviations are represented by error bars 
and theoretical limits represented by horizontal red lines. Figures 12 and 13 show the 
same ratios but for all air filters combined into a single graph, for both hickory and 
applewood smoke. Figures 14 and 15 show average downstream to upstream ratios for 
combined bins for all air filters, with the former figure including all bin values and the 











Figure 4. Average downstream/upstream ratios and standard deviation error per bin 









Figure 5. Average downstream/upstream ratios and standard deviation error per bin 
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Figure 6. Average downstream/upstream ratios and standard deviation error per bin 









Figure 7. Average downstream/upstream ratios and standard deviation error per bin 
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Figure 8. Average downstream/upstream ratios and standard deviation error per bin 









Figure 9. Average downstream/upstream ratios and standard deviation error per bin 
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Figure 10. Average downstream/upstream ratios and standard deviation error per bin 
size for Pre Filter 30-35% SECC with applewood smoke 
 
Figure 11. Average downstream/upstream ratios and standard deviation error per bin 
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Figure 14. Average downstream to upstream ratios for combined bins for all air filters, 







Figure 15. Average downstream to upstream ratios for combined bins for all air filters, 





 Analyzing Tables 10 – 13, showing average downstream to upstream ratios and 
standard deviations for all 4 air filters with both hickory and applewood smoke, a 
noticeable observation can be made between the average ratios and standard 
deviations. Theoretically, all ratios should be a value in between 0 and 1. However, data 
shows that some bin sizes show ratios with a value greater than 1. Bin sizes where this 
occurs are mainly noticed to be the larger bin sizes for the 7 bins that have been focused 
on. The observation that can be made is that in general most average ratios are paired 
with relatively large standard deviations as well. This relationship can be seen especially 
well in Figures 4 – 11. In these figures, line graphs represent average downstream to 
upstream ratios and are accompanied by error bars that denote standard deviations. 
Both the top and the bottom limit of these bars are one standard deviation. As 
mentioned before, most ratios with a value greater than 1 have a large standard 
deviation. In the graphs this is visually represented by ratios larger than 1 having larger 
error bars than values within the 0 to 1 range. 
 Since data sets with high standard deviations have mean values that are not as 
representative as data sets with small standard deviations, not all downstream to 
upstream ratios greater than 1 are appropriate representations of the data sets. One 
reason is that the JavaScript code eliminates so many values during the iterations that 
only a handful of data point are left. If only a few data points are available and the range 
in values for these data points is large, then the standard deviation is going to be a large 
value as well. This prevents the program from eliminating outliers as it is designed to do. 
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The leftover values may include outliers that heavily affect the mean downstream to 
upstream ratios, resulting in seemingly inaccurate ratios greater than 1. 
 In Table 14 and Figures 14 and 15, average values for entire bin sets are 
represented. In Table 14, the left part of the table shows average ratio values for entire 
bin sizes for each air filter. In the right part of the table, the same ratios are shown but 
have been calculated by omitting data from bins with ratios greater than 1. The reason 
for this is that these ratios could be unreliable because of the high standard deviations 
that are paired with them. While in some cases many bin sizes are excluded and the 
mean ratios are altered significantly, in other cases no or only minor changes are 
observed. 
 In the overall trends, hickory smoke seems to be filtered more effectively than 
applewood smoke by all air filters. An exception to this is the Nexfil MERV 13 Filter with 
an average downstream to upstream ratio for all bins combined. However, when the 
average ratio is taken only from bin sizes with a ratio less than 1, the trend applies to 
this filter as well. For the other three filters, the difference between hickory and 
applewood smoke becomes smaller with ratios from omitted bin sizes but remains 
apparent.  
 Figure 15 shows how all air filters are more effective at filtering out hickory 
smoke than applewood smoke. A reason might be that the smoke particles have 
different properties and size concentrations. However, even for hickory smoke, the 
filtration efficiency lays at only about 50%. Despite minor fluctuations, no single 
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commercially available air filter was able to drastically reduce nanoparticle 
concentrations. As some unfiltered data from bin sizes even resulted in ratios greater 
than 1, despite the effect of outliers affecting data sets, effectiveness of air filters 






 Experiments have been conducted to determine the effectiveness of 
commercially available air filters in filtering out nanoparticles from woodsmoke. As the 
inhalation of small particles forms a risk to toxicity and inflammation based mainly on 
specific surface area, nanoparticles form a threat due to their large surface area 
compared to their mass. Current air filters are subject to filtration standards only in a 
micrometer level. Their effectiveness on filtering nanoparticles is not only unknown, but 
also not subjected to any regulations. Nanoparticle concentrations during events such as 
wildfires are typically observed to be very high. For this research project, woodsmoke 
from hickory and applewood pallets has been used to simulate nanoparticle generation 
during wildfires. 
 The wind tunnel at the Georgia Southern University Energy Sciences Lab has 
been used to conduct experiments. A frame was constructed to house the air filters as 
well as nanoparticle scanning devices and was sealed off to prevent any air leaks. Two 
3910 NanoScan SMPS Nanoparticle Sizer devices were connected to one of the 
chambers in the frame each, and measured nanoparticle concentrations simultaneously. 
Taking the downstream to upstream ratios of the data sets gave insight on the filtration 
effectiveness of the air filters that were analyzed. 
 As the data sets contained many outliers that had a strong effect on mean values 
and standard deviations, a JavaScript code was developed to filter out any data points 
outside of the range of three standard deviations. Only 7 out of the 13 bin sizes were 
focused on, as some of the smallest and largest bins contained only few data points and 
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showed inconsistent results. Data was analyzed with line graphs and bar charts. An 
important observation from the figures was the connections between high mean 
downstream to upstream ratios and high standard deviations. Due to the high standard 
deviations, mean combined bin ratios were taken using all bin values as well as selected 
bin values only with ratios less than 1. 
 Hickory smoke provided most consistent data, with many average values laying 
around 50%. Applewood smoke gave more inconsistent results. As the standard 
deviations in the data sets for applewood were relatively large even after being 
processed by the JavaScript code, some bins still contained outliers that resulted in 
mean ratios greater than 1. Overall, average filtration for all 4 air filters was higher for 
hickory smoke than for applewood smoke. Due to inconsistent results and relatively low 
filtration rates, effectiveness of commercially available air filters against nanoparticles 
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Table 1. JavaScript code used to analyze data from NanoScan machines 
1 function onOpen(e){ 
2   var ui = SpreadsheetApp.getUi() 
3   ui.createMenu("Custom Program") 
4     .addItem("run", "runProgram") 
5     .addToUi(); 
6 } 
7   
8   
9 var doc = SpreadsheetApp.getActive(); 
10 var sheet = doc.getActiveSheet(); 
11 var _stdevs = 3; 
12   
13 try{ 
14   var preRange = sheet.getSelection().getActiveRange(); 
15 } catch(e) { 
16   Logger.log(e); 
17   SpreadsheetApp.getUi().alert("Please select an area."); 
18 } 
19 var range = calculateRange(); 
20   
21 function runProgram(){ 
22   var ui = SpreadsheetApp.getUi(); 
23 
  var prompt = ui.prompt("Alert", "Please be sure you have selected the correct range! \nPlease enter
 your desired 
 Standard Deviation below (Empty = 3):", ui.ButtonSet.OK); 
24   var stdevs = parseInt(prompt.getResponseText()); 
25   Logger.log("STDEVS: "+stdevs + " | " + "RAW: " + prompt.getResponseText()); 
26   if(stdevs<1 || prompt.getSelectedButton()==ui.Button.CANCEL){ 
27 
    ui.alert("Alert","Program Cancled"+(stdevs<1)?": Please enter a valid standard deviation.":"",ui.
ButtonSet.OK);  
28   } else { 
29     if(!isNaN(stdevs)) _stdevs = stdevs; 
30     preRunCheck(); 
31     runIteration();  
32   } 
33 } 
34   
35 function calculateRange(){ 
36   var startRow = preRange.getRow(); 
36 
 
37   var startCol = preRange.getColumn(); 
38   var numRows = preRange.getHeight(); 
39   var numCols = preRange.getWidth(); 
40   return {'startRow':startRow,'startCol':startCol,'numRows':numRows, 'numCols':numCols}; 
41 } 
42   
43 function preRunCheck(){ 
44   if(range['startCol']==1){ 
45     setUp();  
46   } else { 
47      if(sheet.getRange(range['startRow'], range['startCol']-1).getDisplayValue()!="ACTIVATED"){ 
48        setUp(); 
49      } 
50   }     
51 } 
52 function setUp(){ 
53   sheet.insertColumnBefore(range['startCol']); 
54   range['startCol'] = range['startCol'] + 1; 
55    
56   sheet.getRange(range['startRow']+1, range['startCol']-1).setValue(0); 
57   for(var i=0; i<3; i++){ 
58     sheet.insertRowAfter(range['startRow']+range['numRows']-1); 
59   } 
60   sheet.getRange(range['startRow'], range['startCol']-1).setValue("ACTIVATED"); 
61   for(var i=range['startCol']; i<range['startCol']+range['numCols']; i++){ 
62     var A1NotationSD = ''+sheet.getRange(range['startRow']+range['numRows'], i).getA1Notation(); 
63     var startNotation = '$'+sheet.getRange(range['startRow'], i).getA1Notation(); 
64     var newNotation = ''; 
65     for(var j=0; j<A1NotationSD.length; j++){ 
66       if(!isNaN(A1NotationSD.substr(j, j+1))){ 
67         Logger.log(A1NotationSD.substr(j, j+1)); 
68         var start = A1NotationSD.substr(0, j); 
69         var end = A1NotationSD.substr(j, A1NotationSD.length+1); 
70         newNotation = start + '$' + end; 
71         break; 
72       } 
73     } 
74     var currCF = SpreadsheetApp.newConditionalFormatRule() 
75                    .whenFormulaSatisfied("=GTE("+startNotation+", "+newNotation+")") 
76                    .setRanges([sheet.getRange(range['startRow'], i, range['numRows'])]) 
77                    .setBackground("#FF0000") 
78                    .build(); 
79     var zeroCF = SpreadsheetApp.newConditionalFormatRule() 
37 
 
80                    .whenNumberEqualTo(0) 
81                    .setRanges([sheet.getRange(range['startRow'], i, range['numRows'])]) 
82                    .setBackground("#FFFF00") 
83                    .build(); 
84     var rules = sheet.getConditionalFormatRules(); 
85     rules.push(currCF); 
86     rules.push(zeroCF); 
87     sheet.setConditionalFormatRules(rules); 
88     sheet.getRange(range['startRow']+range['numRows'], i).setValue(100); 
89   } 
90      
91 } 
92 function runIteration(){ 
93   //if iteration is zero, don't do 3 standard deviation check 
94   //else do the standard deviation check, remove all outlires,  
95   //caculate mean and standard deviation for all cols and rows. 
96   var runAgain = false; 
97   for(var i=range['startCol']; i<range['startCol']+range['numCols']; i++){ 
98     if(!calculateStandardDeviation(i)){ 
99       runAgain = true;  
100     } 
101   } 
102   var numIterations = sheet.getRange(range['startRow']+1, range['startCol']-1).getValue(); 
103   numIterations++; 
104   sheet.getRange(range['startRow']+1, range['startCol']-1).setValue(numIterations); 
105   if(runAgain) runIteration(); 
106 } 
107   
108 function calculateStandardDeviation(colNum) { 
109   var cellString = ""; 
110   for(var i=range['startRow']; i<range['startRow']+range['numRows']; i++){ 
111     var localRange = sheet.getRange(i, colNum); 
112     if(!isNaN(localRange.getValue()) && localRange.getBackground()=="#ffffff"){ 
113       cellString = cellString + localRange.getA1Notation() + ", "; 
114     }  
115   } 
116   cellString = cellString.substring(0, cellString.length-2); 
117   var prevValue = sheet.getRange(range['startRow']+range['numRows'], colNum).getDisplayValue(); 
118 
  sheet.getRange(range['startRow']+range['numRows'], colNum).setFormula("=AVERAGE("+cellString+")+ 
("+_stdevs+"*STDEV("+cellString+"))"); 
119 
  sheet.getRange(range['startRow']+range['numRows']+1, colNum).setFormula("=AVERAGE("+cellString+")")
; 
120   sheet.getRange(range['startRow']+range['numRows']+2, colNum).setFormula("=STDEV("+cellString+")"); 
121   sheet.getRange(range['startRow']+range['numRows'], colNum).setBackground('#39ff14'); 
38 
 
122   var currValue = sheet.getRange(range['startRow']+range['numRows'], colNum).getDisplayValue(); 
123   return (currValue==prevValue); 
124 } 
125   
126   
127   
128 function test(){ 
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Table 5. Filtrete Electrostatic High Performance Air Filter with hickory smoke, 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 9. Filtrete Electrostatic High Performance Air Filter with applewood smoke, 
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75 
#DIV
/0! 
#DIV/
0! 
 
11.51
3792
9 
1.679
1567
05 
0.927
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68 
1.381
8127
5 
3.205
5936
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3.247
8917
34 
1.27
3326
458 
3.50
7950
29 
13.65
4733
07 
2.27
4820
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8.287
8324
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67.1
1743
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1.185
9707
04 
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0.777
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0.61
2730
2318 
0.94
0119
5619 
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08 
0.75
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5581 
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3019
93 
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7466
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2409
626 
70 
 
stde
v 
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0.427
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